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Microphthalmia-associated transcription factor (MITF)
M-form is a melanocyte-specific transcription factor that
plays a key role in melanocyte development, survival,
and differentiation. Here, we identified MITF as a new
substrate of caspases and we characterized the cleavage
site after Asp 345 in the C-terminal domain. We show
that expression of a noncleavable form of MITF renders
melanoma cells resistant to apoptotic stimuli, and we
found that the C-terminal fragment generated upon
caspase cleavage is endowed with a proapoptotic activity
that sensitizes melanoma cells to death signals. The pro-
apoptotic function gained by MITF following its process-
ing by caspases provides a tissue-restricted means to
modulate death in melanocyte and melanoma cells.
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Microphthalmia-associated transcription factor (MITF) en-
codes basic helix–loop–helix–leucine-zipper (bHLH-LZ)
transcription factors, among which the M-isoform is spe-
cifically expressed in melanocyte (Hodgkinson et al.
1993). MITF has been involved in melanocyte specifica-
tion, development, and survival during embryogenesis
(Opdecamp et al. 1997). Hence, mutations at the mi lo-
cus, found in mice and in humans suffering from the
Waardenburg Syndrome type IIa, lead to pigmentary dis-
orders (Hodgkinson et al. 1993). Beyond its role in the
developing organism, MITF is thought to be the master
gene of melanocyte differentiation, since its enforced ex-

pression has been reported to convert fibroblasts to cells
with melanocyte characteristics (Tachibana et al. 1996).
In this line, MITF up-regulates the expression of several
proteins such as tyrosinase, Tyrp1, Dct, and pmel17 that
characterize the functional differentiation of melano-
cytes (Steingrimsson et al. 2004).

MITF was shown to increase the transcription of Bcl2
(McGill et al. 2002), CDK2 (Du et al. 2004), INK4A
(Loercher et al. 2005), and p21 (Carreira et al. 2005). Fur-
ther, MITF resides downstream of two key anti-apopto-
tic pathways, the ERK and the PI3-kinase pathways,
suggesting that MITF could integrate extracellular pro-
survival signals (Goding 2000). These observations di-
rectly implicate MITF in melanocyte and melanoma sur-
vival and cell cycle progression.

Therefore, MITF is a critical factor for the embryonic
development and postnatal viability of melanocytes.
Consequently MITF, which plays a key role in melano-
cyte homeostasis, might be involved in several pigmen-
tary system disorders such as vitiligo, canitie, and most
importantly, in the neoplastic transformation of mela-
nocytes in melanoma, which is obviously the most life-
threatening disease affecting melanocytes.

In the present study, we observed a decrease in MITF
expression during TRAIL-induced apoptosis. The loss of
MITF is the consequence of MITF cleavage by caspases
that occurs, in vivo and in vitro, at the DLTD site (+342/
+345) yielding a large N-terminal part and a small C-
terminal fragment.

Our data indicate that the physiological role of MITF
processing by caspases is to amplify the apoptotic signal.
Indeed, a caspase-resistant form of MITF impairs mela-
noma cell apoptosis. Further, down-regulation of MITF
expression following caspase cleavage is not sufficient to
explain the amplification of the apoptotic signal, because
MITF silencing by specific small interfering RNA
(siRNA) by itself does not promote melanoma cell death,
nor does it increase the cells’ sensitivity to TRAIL-in-
duced apoptosis. On the other hand, we found that forced
expression of the MITF C terminus promotes morpho-
logic changes characteristic of cell death, caspase 3 acti-
vation, and accumulation of cells in the sub-G1 phase,
indicating that MITF cleavage by caspases leads to the
release of a C-terminal fragment endowed with a pro-
apoptotic activity. These results disclose the existence of
a melanocyte-specific and MITF-dependent proapoptotic
pathway and point to the functional duality of MITF that
could operate in both prosurvival pathways through Bcl2
up-regulation and proapoptotic processes through the
generation of a death-inducing fragment upon its pro-
cessing by caspases.

Results and Discussion

MITF is a new substrate of caspases

During TRAIL-induced apoptosis in both normal human
melanocytes and human melanoma cells (WM9 and
MeWo), we observed a dose- and time-dependent reduc-
tion in the protein level of MITF that appears in control
conditions as a doublet of 55 and 60 kDa (Fig. 1A–C). The
upper band corresponds to a MAP kinase-specific phos-
phorylation on Ser 73 (Hemesath et al. 1998). In these
cells, disappearance of MITF that is monitored with anti-
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MITF specific antibody coincided with the detection of a
band that migrates ∼45 kDa (Fig. 1A–C). A time course
experiment using MeWo cells showed a decrease in
MITF level and the appearance of the 45-kDa fragment
after treatment with TRAIL for 1 h (Fig. 1C). Caspase 3
active fragments at 12 and 17 kDa, as well as the cleaved
form of PARP (poly-ADP ribose polymerase) that is a
well-known substrate of caspase 3, were detected at the
same time.

The loss of MITF and detection of the 45-kDa frag-
ment during TRAIL-induced apoptosis were markedly
reduced by pretreatment with the caspase inhibitor Ac-
DEVD-fmk (Fig. 1D). The level of ERK2 ensured the even
loading of each lane (Fig. 1A–D). Taken together these

results suggest that MITF is proteolytically processed by
caspase during apoptosis.

To address more definitively whether MITF is a
caspase substrate, MITF was in vitro transcribed and
translated in the presence of [35S]methionine and incu-
bated with purified active caspases. In the presence of
caspase 3, full-length MITF disappeared and two frag-
ments of ∼45 kDa and ∼17 kDa were detected (Fig. 1E).
Incubation of MITF with purified caspase 6 and caspase
7 produced fragments with the same sizes, thereby indi-
cating that the three effector caspases most likely cleave
MITF at the same site. Addition of Ac-DEVD-fmk to the
reaction abrogated MITF cleavage by caspases. These
findings confirm that MITF is proteolytically processed
by caspases, and they suggest the existence of a unique
caspase cleavage site in MITF. The smaller fragment (17
kDa) was not detected in lysates from cells exposed to
TRAIL, because this fragment was not recognized by the
C5 MITF antibody that interacts with an N-terminal epi-
tope of MITF (Price et al. 1998).

Caspases recognize a specific tetrapeptide sequence
that terminates with an aspartate residue. Analysis of
the MITF sequence revealed the presence of at least eight
potential caspase cleavage sites. To localize the MITF
cleavage site, a first approach using large deletions
(Supplementary Fig. S1) indicated that the cleavage site
was localized in the C-terminal part. In this region, four
sequences (CSPD, 306/309; HQAD, 331/334; DLTD,
342/345; ILMD, 377/380) matched with the caspase con-
sensus cleavage site. Mutation of Asp 309, Asp 334, and
Asp 380 to alanine did not alter the proteolytic process-
ing of MITF by caspase 3, whereas the D345A mutant
rendered MITF resistant to caspase activity (Fig. 1F).

Next, we determined whether mutation of Asp 345 to
alanine also prevented MITF processing in intact cells.
Consistent with the situation observed in melanocytic
cells, MITF was detected in A293, as a doublet of 55–60
kDa that decreased after TRAIL exposure (Fig. 1G). Si-
multaneously, two bands of ∼45 and 40 kDa were de-
tected, likely corresponding to the large N-terminal frag-
ment phosphorylated or not on Ser 73. On the other
hand, the Mi-D345A mutant was completely resistant to
caspase activation elicited by TRAIL.

MITF N terminus (Mi-NT) was also detected as a dou-
blet, indicating that it retained the ability to be phos-
phorylated on Ser 73 and displayed an electrophoretic
mobility comparable to that of the fragments generated
by the processing of wild-type MITF (Mi-WT) after
TRAIL exposure. Additionally, TRAIL did not affect the
expression or migration pattern of Mi-NT.

Together our in vivo and in vitro approaches identified
the melanocyte-specific transcription factor MITF as a
new substrate of caspases during apoptosis of melano-
cytic cells. MITF is processed, in vivo and in vitro, by
caspases after Asp 345 in the sequence DLTD/G that is
closely related to the cleavage sites DQTD/G, DETD/G,
DETD/S, DITD/C, and DQTD/S previously identified in
gelsolin, ROCK1, Fodrin, PKC-related kinase 2, and
FAK, respectively (Fischer et al. 2003). Further, the
DLTD/G site is remarkably conserved in mammals,
birds, and the Xenopus MITF sequence, strengthening
the idea that the DLTD/G sequence in MITF has a key
physiological role in all of these species.

Among the transcription factors of the bHLH-LZ fam-
ily, TFE3 and TFEB show a remarkably elevated homol-
ogy with MITF. However, we observed that TFE3 and

Figure 1. MITF is proteolytically processed by caspases during ap-
optosis. Primary human melanocytes (A), human WM9 melanomas
(B), or human MeWo melanomas (C) were incubated with TRAIL (T)
(R&D Systems) for the times and at the concentrations indicated.
Cell lysates were analyzed by Western blot with antibodies that
recognize MITF, procaspase 3 (Casp 3), and total ERK2. (D) Human
MeWo melanomas were preincubated with 50 µM Ac-DEVD-fmk
(Alexis, Qbiogen, SA) for 24 h and then were exposed to 50 ng/mL
TRAIL for 2 h. Western blot assays were performed using procaspase
3, MITF, and total ERK2 antibodies. (E) In vitro-translated MITF was
incubated with recombinant caspases 3, 6, or 7 (BD Biosciences,
Pharmingen) in the presence or absence of 10 µM acetyl DEVD-fmk,
and was then separated by electrophoresis and analyzed by auto-
radiography. (F) In vitro-translated wild-type MITF (WT) or MITF
mutants (D309A, D334A, D345A, D380A) were exposed to recom-
binant caspase 3. (G) A293 cells were transiently transfected with
empty pCDNA3 or pCDNA3 encoding wild-type MITF (Mi-WT),
uncleavable MITF (Mi-D345A), or MITF N-terminal 1–345 (Mi-NT),
and then exposed to 50 ng/mL TRAIL for 2.5 h. Protein lysates were
analyzed by immunoblotting with specific MITF, ERK2, and pro-
caspase 3 antibodies. (H) In vitro-translated MITF, TFEB, and TFE3
were incubated with recombinant caspase 3, then separated by elec-
trophoresis and analyzed by autoradiography.
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TFEB were resistant to the processing by caspase 3 (Fig.
1H). It is of note that the cleavage site mapped in MITF
is not conserved in TFE factors. Therefore, apoptosis of
melanocytic cells specifically triggers the cleavage of
MITF among the proteins of the MITF-TFE family.

MITF cleavage plays a key role in the apoptosis
of melanomas

The finding that MITF is a substrate for caspases
prompted us to investigate whether the cleavage of MITF
has a physiological function in melanoma cell apoptosis.
Thus, we generated an adenovirus encoding a myc-
tagged version of the uncleavable MITF (Ad Mi-D345A).
Immunofluorescence studies did not reveal any differ-
ence in the localization pattern of Ad Mi-WT and Ad
Mi-D345A that were localized to the nucleus (Fig. 2A).
Further, as shown by its ability to stimulate the activity
of the tyrosinase luciferase promoter, Mi-D345A re-
tained a transcriptional activity comparable to that of
Mi-WT (Fig. 2B). In Western blots, both Ad Mi-D345A
and Ad Mi-WT appeared as a characteristic doublet (Fig.
2C) that likely corresponds to the phosphorylation on
Ser 73. These observations indicate that the uncleavable
MITF is still transcriptionally active and undergoes post-
translational modifications.

Interestingly, compared with melanoma cells infected
with an empty adenovirus (Ad-empty) or Ad Mi-WT, Ad

Mi-D345A significantly reduced TRAIL-induced pro-
cessing of procaspase 3 and PARP. Consistently with the
above data, treatment with TRAIL decreased the level of
Mi-WT, but did not affect Mi-D345A expression. Detec-
tion of ERK2 ensured that each lane was evenly loaded.

Further, as shown by the measure of cell viability in
the XTT assay, melanoma cells transduced with Mi-
D345A were much more resistant to TRAIL-induced ap-
optosis than melanoma cells infected with Ad-empty or
Ad Mi-WT (Fig. 2D). Similar results were obtained by
measuring viability with propidium iodide (PI) staining
(data not shown). Notably, in human melanoma cells
infected with adenoviruses Mi-WT or Mi-D345A, the
level of MITF proteins was comparable to the level of
endogenous MITF after forskolin treatment of B16
mouse melanoma cells (Supplementary Fig. S2). There-
fore, Mi-D345A renders melanoma cells more resistant
to TRAIL-induced apoptosis, indicating that the cleavage
of MITF might sensitize these cells to apoptosis.

Although the large N-terminal fragment generated
upon caspase cleavage is fully transcriptionally active
(data not shown), it is rapidly degraded (Fig. 1A–C) and
thus cannot up-regulate the expression of prosurvival
genes. In agreement with this hypothesis, Bcl2 decreased
in parallel with MITF upon TRAIL treatment (Supple-
mentary Fig. S3). Further, Mi-D345A, which is not pro-
cessed by caspases, would retain its ability to regu-
late prosurvival genes and therefore would increase the
resistance to apoptotic stimuli or delay transmission of
apoptosis in melanoma cells. According to this hypoth-
esis, cleavage and loss of MITF should sensitize mela-
noma cells to apoptosis.

To this end, we attempted to knock down endogenous
MITF with short interfering RNA (si-MITF). In MeWo
melanoma cells, using two different si-MITF, we found
that si-MITF abrogated the expression of MITF but did
not change the procaspase 3 level nor that of ERK2
(Fig. 3A; data not shown). On the other hand, we ob-
served that si-MITF decreased the endogenous level of
Bcl2 as well as the expression of several MITF target
genes such as tyrosinase (Supplementary Fig. S4A),
Tyrp1, p16INK4A and, p21CDKN1A (data not shown).

Interestingly, si-MITF did not affect cell viability or
sensitized melanoma cells to TRAIL-induced apoptosis,
and si-MITF did not increase procaspase 3 processing af-

Figure 3. siRNA-mediated down-regulation of MITF does not
promote death. (A) Cell lysates of human MeWo melanoma
cells treated with si-MITF or si-cont for 48 h were probed with
MITF-, procaspase 3 (Casp3)-, Bcl2-, and ERK2-specific antibodies.
(B) MeWo melanoma cells, transfected with si-MITF or si-LUC,
were left untreated or were exposed to TRAIL (50 ng/mL) for 4 h.
Adherent cells were collected and counted using an automatic cell
counter or solubilized to perform Western blotting using MITF or
procaspase 3 antibodies.

Figure 2. A noncleavable mutant of MITF prevents TRAIL-induced
apoptosis of melanoma cells. (A) MeWo melanoma cells that were
infected for 48 h with an empty adenovirus (Ad-empty) or adeno-
viruses encoding Mi-WT (Ad Mi-WT) or Mi-D345A (Ad Mi-D345A)
were analyzed by immunofluorescence with anti-myc and second-
ary-coupled Texas-Red (TR) antibodies and DAPI staining. (B) Lu-
ciferase assay using B16 cells transfected with Tyrosinase promoter
reporter (200 ng), pCMV-�galactosidase (50 ng), and the expression
vectors (50 ng) encoding wild-type (Mi-WT) or uncleavable (Mi-
D345A) MITF. (C) WM9 melanomas were infected with Ad-empty,
Ad Mi-WT, or Ad Mi-D345A for 48 h at MOI (multiplicity of infec-
tion) 20 and then cells were exposed to 50 ng/mL TRAIL for 2 h.
Western blots were carried out with anti-myc, cleaved PARP
(PARPcl), or procaspase 3 (Casp3)-specific antibodies. (D) Survival of
WM9 melanomas treated as in C was assessed by the XTT dye
reduction assay.
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ter TRAIL treatment (Fig. 3B). Further, monitoring of cell
viability by PI staining confirmed that MITF silencing is
not sufficient by itself to affect melanoma cell viability
(Supplementary Fig. S4B).

The lack of cell death induced by MITF silencing
seems to be inconsistent with the anti-apoptotic func-
tion ascribed to MITF by McGill et al. (2002). However,
the down-regulation of the Bcl2 level upon MITF silenc-
ing by siRNA confirmed that MITF can regulate Bcl2
expression. Although the dominant-negative form of
MITF (Mi-mi, R215del) used by McGill et al. (2002) was
described to be specific for MITF, the action of this mu-
tant can go far beyond the simple extinction of the en-
dogenous MITF function. Indeed, Mi-mi might impound
physiologic MITF partners such as CBP/p300 (Sato et al.
1997), which is involved in the control of cell survival
(Giordano and Avantaggiati 1999), or Lef1 (Yasumoto et
al. 2002), which resides downstream of the Wnt/�-
catenin cascade, a primordial pathway in the control of
melanocyte development (Hari et al. 2002). Further, data
from literature indicate that MITF is not absolutely re-
quired for melanoma survival, since some melanoma
cell lines almost lacked MITF expression (Du et al.
2004). Additionally, forced expression of MITF has been
shown to decrease melanoma tumor growth in mice (Sel-
zer et al. 2002), and MITF re-expression in cells isolated
from MITF mutant mice improves their apoptosis elic-
ited by IL3 deprivation (Tsujimura et al. 1997).

Notably, we were not able to show any effect on mela-
noma survival or death upon Ad Mi-WT overexpression
or MITF silencing after TRAIL treatment that may re-
flect the balance between the protective full-length ac-
tivity of MITF and production of a prodeath fragment
upon caspase activation. These observations suggest that
the existence of a simple and linear correlation between
the endogenous level of MITF and the resistance or sen-
sitivity to apoptosis is very unlikely.

The MITF C-terminal domain promotes melanoma
cell death

Our observations that a noncleavable form of MITF ren-
dered melanoma cells resistant to apoptosis and that
MITF silencing was not sufficient by itself to promote
melanoma cell death raised the possibility that the
cleavage of MITF was crucial for apoptosis induction in
melanomas. We surmised that fragments generated by
MITF cleavage had intrinsic proapoptotic activities.
Therefore, we tested the effects of Mi-WT, Mi-D345A,
Mi-NT, and Mi-CT on the activity of a CMV-�-galacto-
sidase reporter plasmid that can be used to quantitate
cell death in transfected cells (Ciccaglione et al. 2004).
The results indicated that Mi-WT, Mi-D345A, and Mi-
NT slightly stimulated the �-galactosidase activity,
whereas Mi-CT induced inhibition of ∼50% of the �-ga-
lactosidase activity (Fig. 4A). This finding led us to hy-
pothesize that the C-terminal domain released by
caspase processing of MITF might have an intrinsic pro-
apoptotic activity. To test this hypothesis, we con-
structed an adenovirus encoding a myc-tagged version of
MITF C terminus (Ad Mi-CT). Immunofluorescence
studies showed adenovirally expressed Mi-CT in both
cytoplasm and nucleus (Fig. 4B).

The Ad-Mi CT expression level was comparable to
that of endogenous MITF found in B16 cells exposed to
forskolin (Supplementary Fig. S3). Further, Ad Mi-CT,

which was detected at ∼17 kDa in agreement with the
size of this fragment generated by in vitro MITF process-
ing, induced caspase 3 activation and PARP cleavage
(Fig. 4C). Interestingly, phase-contrast microscopy
showed that infection of melanoma cells with Ad Mi-CT
for longer times promoted morphologic cell changes
such as dendrite retraction and a rounded shape charac-
teristic of cell death (Fig. 4D). Ad Mi-CT was shown by
FACS analysis to be almost as efficient as TRAIL for
activating caspase 3 (Fig. 4E). Further, infection of mela-
noma cells with Ad Mi-CT for 72 h or treatment with
TRAIL increased the sub-G1 population to 20% and
28%, respectively (Table 1). Both sub-G1 accumulation
and caspase 3 activation after Ad Mi-CT overexpression
or TRAIL exposure were prevented by treatment with
ZVAD-fmk (Table 1).

Together the above data indicate that the proteolytic
processing of MITF by caspases generates a C-terminal
fragment endowed with a potent proapoptotic activity
that facilitates the death of melanoma cells.

The C-terminal fragment generated by caspase cleav-
age does not contain any known functional domain.

Figure 4. MITF C terminus induces melanoma cell death. (A) B16
cells were transiently transfected with pCMV-�Gal (50 ng) and in-
dicated expression vectors (50 ng) for wild-type (WT), uncleavable
(Mi-D345A), or N-terminal (Mi-NT) or C-terminal (Mi-CT) MITF
mutants and then assayed for �-galactosidase activity. (B) Immuno-
fluorescence studies with anti-myc and secondary-coupled Texas-
Red (TR) antibodies and DAPI staining of MeWo melanomas in-
fected with empty adenovirus (Ad-empty) or encoding MITF C-ter-
minal (Ad Mi-CT) adenoviruses at MOI 20 for 48 h. Western blotting
with anti-myc, procaspase 3 (Casp3), cleaved PARP (PARPcl), or
total ERK2 antibodies (C) and phase-contrast microscopy photos of
MeWo cells infected with Ad-empty or Ad Mi-CT (D) at MOI 20 for
72 h. (E) MeWo melanoma cells infected with Ad-empty or Ad Mi-
CT at MOI 20 for 72 h or exposed to TRAIL for 15 h were stained
with the FITC-conjugated active-caspase-3 antibody Apoptosis kit.
Fluorescence was measured by using the FL1 channel of a FACScan.
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Within this fragment resides the Ser 409 residue; phos-
phorylation of this Ser 409 residue by RSK1 controls
MITF targeting to proteasome (Wu et al. 2000) and inter-
action with PIAS3 (Levy et al. 2003).

Therefore, the molecular mechanisms by which the
C-terminal fragment promotes melanoma cell death re-
main to be elucidated. It is well known that death ligand-
induced apoptosis can activate, through Bid cleavage, the
mitochondrial apoptosis pathway, which in turn in-
creases caspase 3 activation. Thus, it is tempting to pro-
pose that Mi-CT might activate the mitochondrial
apoptosis pathway, leading to an amplification loop end-
ing with caspase 3 stimulation. Mi-D345A, which can-
not release the MITF C-terminal fragment, cannot acti-
vate the amplification loop, thereby impairing caspase 3
activation.

Our data do not question the prosurvival role of MITF
that has been clearly demonstrated in several develop-
mental studies (Opdecamp et al. 1997; Hou et al. 2000).
Our data show that, in addition to its prosurvival func-
tion, MITF is endowed with a proapoptotic activity. This
functional duality might be regulated according to the
cellular context, and the prosurvival action of MITF can
be converted to a proapoptotic signal after caspase pro-
cessing as previously reported for other proteins such as
Bcl2 and Bcl-XL (Clem et al. 1998).

During embryonic development, the functional dual-
ity of MITF might operate as a double selection system
for melanocyte precursors emerging from the neural
crest. Indeed, neural crest cells that migrate on the lat-
eral pathway produce melanocytes but no neuronal de-
rivatives. On this pathway, melanocyte precursors ex-
pressing MITF could integrate the SCF/c-kit signaling
that would favor melanocyte survival. Alternatively,
melanocyte precursors that migrated on the ventral
pathway did not receive the appropriate prosurvival fac-
tors (Wakamatsu et al. 1998). In this case, MITF could be
cleaved by caspases to generate a proapoptotic fragment
that finally would facilitate the elimination of melano-
cyte precursors on the ventral pathway.

Characterization of MITF as a caspase target is of par-
ticular importance because it is the first cell-specific
caspase substrate that has been identified so far, and be-
cause it points to the existence of a cell lineage-restricted
apoptotic pathway that could be affected during the neo-
plastic transformation of melanocyte to melanoma.

Materials and methods
Antibodies
Monoclonal procaspase 3 and Bcl2 antibodies were from Transduction
Laboratories. Monoclonal anti-ERK2 (D-2) and anti-myc (9E10) antibod-

ies were from Santa Cruz Biotechnology. Polyclonal cleaved PARP anti-
body was from Cell Signaling Technology Inc. Monoclonal anti-MITF
(C5) antibody was kindly provided by D. Fisher (Dana-Farber Cancer
Institute, Boston, MA).

Cell cultures, cell viability test, Western blot assays
Human primary melanocytes were obtained and grown as previously
described (Bertolotto et al. 1998b; Larribere et al. 2004). Human WM9
melanoma cells provided by M. Herlyn (The Wistar Institute, Philadel-
phia, PA), human MeWo melanoma cells, murine B16 melanoma cells,
and A293 cells were grown in DMEM supplemented with 7% FCS. Cell
viability was assessed using the cell proliferation kit II (XTT; Roche
Molecular Biochemicals) according to the manufacturer’s protocol, and is
expressed as the percentage of that of control cells. Data are
means ± SEM of three experiments performed in triplicate. Cell extracts
and immunoblotting were performed as previously described (Khaled et
al. 2002). Proteins were visualized with the ECL system from Amersham.

Flow cytometry
Cells were stained with the FITC-conjugated active-caspase-3 antibody
Apoptosis kit (BD Biosciences) or with propidium iodide. Apoptotic cells
containing a DNA content <2N appear in the sub-G1 region. Fluores-
cence was measured by using the FL1 and FL2 channels, respectively, of
a FACScan (Becton Dickinson).

In vitro transcription/translation and cleavage assays
In vitro translation was carried out using the T7 translation system from
Promega and [35S]methionine (Amersham Pharmacia Biotech). In vitro-
translated proteins (4 µL) were incubated with 1 ng/mL of recombinant
active caspase 3 or 0.2 ng/mL recombinant active caspases 6 or 7 in the
presence or absence of 10 µM acetyl-DEVD-fmk for 4 h at 37°C in buffer
containing 25 mM HEPES (pH 7.5), 0.1% CHAPS, and 2 mM dithio-
threitol. Reactions were separated by SDS–polyacrylamide gel electro-
phoresis and analyzed by autoradiography.

Vector constructions and transfection
pCDNA3 vectors encoding wild-type MITF (Mi-WT), TFE3, and TFEB
were described previously (Bertolotto et al. 1996; Verastegui et al. 2000).
The pCDNA3 vector encoding the MITF N-terminal part 1–345 (Mi-NT)
ensuing MITF processing was generated by introducing a stop at amino
acid 350 in MITF wild-type sequence. The corresponding C-terminal
fragment (Mi-CT, amino acids 346–420) was constructed by digesting
pCDNA3Mi-WT by KpnI, self-ligation, and the addition of an ATG codon
and a nuclear localization signal. Aspartate at positions 309, 334, 345,
and 380 were converted to alanine to give D309A, D334A, D345A, and
D380A MITF mutants, respectively. A293 and B16 melanoma cells were
transiently transfected using the lipofectamine (Invitrogen) reagent (Ber-
tolotto et al. 1998a).

Adenovirus constructions
Recombinant adenoviruses generated using the VmAdcDNA3 system are
described elsewhere (Larribere et al. 2004). Briefly, empty pCDNA3myc
or encoding Mi-D345A or Mi-CT were recombined with VmAdcDNA3
into competent Escherichia coli BJ5183 (Stratagene). Adenovirus encod-
ing wild-type MITF (Ad-MiWT) was previously described (Gaggioli et al.
2003).

siRNA and transfection
siRNA-mediated down-regulation of MITF was achieved with the MITF-
specific sequence 5�-GGUGAAUCGGAUCAUCAAG-d(TT)-3� and 5�-
CUUGAUGAUCCGAUUCACC-d(TT)-3� and sequences described else-
where (Carreira et al. 2005). siRNA for luciferase or control siRNA (Car-
reira et al. 2005) were used as control.

Immunofluorescence studies
Immunofluorescence was carried out as previously described (Khaled et
al. 2003) and was examined with a 40× objective using a Zeiss Axiophot
microscope equipped with epifluorescence illumination.
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